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(54) OPTICAL SCANNING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To effectively compensate a 
plane tilt and to excellently compensate the curvature of field 
and a constant velocity characteristic in the main/sub- 
scanning directions in a multiple reflection type optical 
scanning device. 

SOLUTION: In an optical scanning device forming the image 4 
of a light beam from a light source side as a line image being - 
long in the direction corresponding to main scanning, 
deflecting it by a light deflector having deflection/reflection 
surface in the vicinity of the image forming position of the line 
image, converging the deflected light beam on a surface to 
be scanned as a light spot by a scanning/image forming 
optical system having the reflection/ image forming property 
and optically scanning the surface to be scanned; the 

scanning/image forming optical system having the reflection/image forming property comprises an 
image forming mirror 7 having image forming function in the directions corresponding to main/sub- 
scanning and one and more plane mirrors 5, 6 having a reflection surface confronting the 
reflection surface of the image forming mirror 7 and the bent of a scanning line is compensated by 
multiply reflecting the deflected light beam between the plane mirror and the image forming mirror. 
The image forming mirror has the shape of reflection surface so that the shape of reflection 
surface in the sub-scanning cross section is circular-arcuate, the shape of reflection surface in the 
plane including the optical axis of the image forming mirror and orthogonal to the sub-scanning 
cross section is non-circular-arc shape and the central connecting line connecting the centers of 
curvature of circular-arcuate shape is nonlinear. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to light-scanning equipment. 
[0002] 

[Description of the Prior Art] In light-scanning equipment, using "an image formation mirror with an image 
formation operation" for the scan image formation optical system which makes the deviation flux of light 
condense as an optical spot on a scan layer-ed is proposed (JP, 1-2002 19, A etc.). When using such an image 
formation mirror, it being necessary to make it the deviation flux of light reflected by the image formation 
mirror not return to an optical deflector side, and leaning the optical axis (symmetry axis of a reflector) of an 
image formation mirror to the direction of incidence of the deviation flux of light from an optical deflector 
side, since it is this purpose is performed. 

[0003] If it does in this way, it is known that the "scanning-line deflection" which is the deflection of the 
locus of the optical spot on a scan layer-ed will arise. After arranging another reflecting mirror as an 
approach of amending scanning-line deflection as a reflector is made to counter an image formation mirror, 
and making reflection of the deviation flux of light repeat between this reflecting mirror and an image 
formation mirror, the light-scanning equipment of the "multiple echo" method which carries out incidence to 
a scan layer-ed is proposed (JP,64-78214,A). 

[0004] As mentioned above, if the multiple echo of the deviation flux of light is carried out between an 
image formation mirror and a reflecting mirror and it is made to carry out light scanning of the scan layer-ed, 
the deviation flux of light is "mutual reflection of the deviation flux of light" by the image formation mirror, 
and can make it possible to offset mutually the scanning-line deflection inclination for every reflection 
substantially, although multiple-times reflection is carried out by the image formation mirror. 
[0005] However, in invention given [ above-mentioned ] in an official report, since there is "no field failure 
amendment function of an optical deflector" in scan image formation optical system, it is necessary to use 
the rotating polygon which amended the parallelism of a deviation reflector and a revolving shaft with high 
precision, the cost of a rotating polygon becomes high, and the cost of light-scanning equipment costs dearly 
as a result. 

[0006] Moreover, effective amendment of the failure by the above-mentioned field is also important, and it is 
important [ in order to carry out good light scanning with light-scanning equipment, it is also important that 
scanning-line deflection is amended good, but ] that the curvature of field is amended for the Lord and the 
direction of vertical scanning good, that uniform properties, such as ftheta property, are good, etc. so that the 
diameter of a spot of an optical spot may not be changed with image quantity. 
[0007] 

[Problem(s) to be Solved by the Invention] if this invention is possible in the light- scanning equipment of the 
above-mentioned multiple echo method in good amendment of the curvature of field of the Lord and the 
direction of vertical scanning, or a uniform property while it amends the failure by the field effectively - 
carrying out — **** - let things be technical problems. 
[0008] 

[Means for Solving the Problem] "The light-scanning equipment of this invention The image formation of 
the flux of light from a light source side is made to carry out in the direction (direction which corresponds 
with a main scanning direction on the optical path from the light source to a scan layer-ed) corresponding to 



horizontal scanning as a long line image. It is light-scanning equipment which is deflected by the optical 
deflector which has a deviation reflector near the image formation location of a line image, is made to 
condense the deviation flux of light as an optical spot on a scan layer-ed according to the scan image 
formation optical system of reflective image formation nature, and performs light scanning of a scan layer- 
ed. The image formation mirror to which the scan image formation optical system of reflective image 
formation nature has an image formation function in the direction (direction corresponding to the direction of 
vertical scanning in the optical-path top from the light source to a scan layer-ed) corresponding to the Lord 
and vertical scanning, It has one or more plane mirrors which have the reflector which counters the reflector 
of this image formation mirror, and by carrying out the multiple echo of the deviation flux of light between 
one or more plane mirrors and an image formation mirror, it is what amended scanning-line deflection", and 
is characterized by the following points (claim 1). That is, the reflector configuration within the field where 
the reflector configuration in a vertical-scanning cross section is a radii configuration, and intersects 
perpendicularly with a vertical-scanning cross section including the optical axis of an image formation 
mirror is a non-radii configuration, and the "image formation mirror" in the scan image formation optical 
system of reflective image formation nature has a reflector configuration which is nonlinear. A "vertical- 
scanning cross section" is "a plane section which intersects perpendicularly in the direction corresponding to 
horizontal scanning" [ near the reflector of an image formation mirror ]. 

[0009] Thus, with this light-scanning equipment, image formation of the flux of light from a light source side 
is carried out to a line image long in the direction corresponding to horizontal scanning near the deviation 
reflector of an optical deflector, and scan image formation optical system has the function to carry out image 
formation of the optical spot to a scan layer-ed by making this line image into the object point, about the 
direction corresponding to vertical scanning, therefore this light-scanning equipment has the function which 
amends the failure by the field of an optical deflector. Moreover, since it is constituted by an image 
formation mirror and one or more plane mirrors and there is no image formation operation in a plane mirror, 
an image formation mirror needs to have an image formation function in the direction corresponding to the 
Lord and vertical scanning, and "scan image formation optical system" carries out image formation of the 
optical spot according to an image formation operation of an image formation mirror. Therefore, an image 
formation mirror is an anamorphic image formation system from which the power of the direction 
corresponding to horizontal scanning and the power of the direction corresponding to vertical scanning 
differ. 

[0010] When the plane mirror which makes scan image formation optical system with an image formation 
mirror is used two or more (it considers as plane mirrors A and B etc. for convenience), reflection may be 
made to be repeated between one specific plane mirror A and image formation mirror, and, as for the 
multiple echo of the deviation flux of light, reflection may be made to be repeated between plane mirrors A 
and B and an image formation mirror. Although multiple-times reflection of the deviation flux of light will 
be carried out by the image formation mirror in the case of a multiple echo, 2 times is sufficient as "the count 
of reflection of the deviation flux of light by the image formation mirror", and 3 times or more are sufficient 
as it. 

[001 1] "The reflector of an image formation mirror The configuration within the field where the 
configuration in a vertical-scanning cross section is a radii configuration, and intersects perpendicularly with 
a vertical-scanning cross section including the optical axis of an image formation mirror is a non-radii 
configuration. By that nonlinear", the main connection line put in a row (in direction corresponding to 
horizontal scanning) the center of curvature of the above-mentioned radii configuration By optimizing the 
above-mentioned non-radii configuration, the curvature of field and uniform property of a main scanning 
direction can be amended good, and optimization of the configuration of a main connection line enables it to 
perform the curvature of field of the direction of vertical scanning, and amendment of scanning-line 
deflection good. 

[0012] as for one or more plane mirrors to which the multiple echo of the deviation flux of light is carried out 
between image formation mirrors, "one or more reflectors being formed in the same transparent body, and 
the part which is not a reflector making the light transmission section" - it can constitute like (claim 2). In 
this case, the transparent body in which one or more reflectors were formed can be used as "the protection- 
against-dust glass of housing of light-scanning equipment" (claim 3). By using the plane mirror of scan 
image formation optical system also [ glass / protection-against-dust ], the components mark of light- 
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scanning equipment can be reduced and-izing of the cost of light-scanning equipment can be carried out 
[****]. Although it is reflected by this plane mirror and may be made to carry out incidence of it to an 
image formation mirror after carrying out incidence of the deviation flux of light deflected by the optical 
deflector to a plane mirror first, it is good as for how the deviation flux of light deflected by the optical 
deflector "carries out incidence to an image formation mirror first" (claim 4). thus, the deviation flux of light 
- the beginning — the incidence of an image formation mirror - if it is made to carry out, since the large 
separation angle of incoming beams and a reflected light bundle can be taken, the degree of freedom of the 
layout of optical system becomes large. 

[0013] In invention according to claim 4, it can constitute so that the deviation flux of light which considered 
as the reflector of 1 formed in some protection-against-dust glass of housing of light-scanning equipment, 
was reflected in this reflector, and was reflected by the image formation mirror may inject from housing the 
plane mirror to which the multiple echo of the deviation flux of light is carried out between image formation 
mirrors through the area pellucida of protection-against-dust glass (claim 5). Less than [ of the Lord and the 
direction of vertical scanning / curvature-of-field:3mm ], less than [ scanning-line deflection:0.03mm ], 
uniform- velocity nature: The reflector configuration of optical arrangement and an image formation mirror 
can be defined so that 1% or less may be attained (claim 6). [ in / on light-scanning equipment given in 1 of 
the arbitration of above-mentioned claims 1-5 and / the image formation of an optical spot ] 
[0014] 

[Embodiment of the Invention] Drawing 1 shows one gestalt of operation of light-scanning equipment 
according to claim 1 in explanatory view. Coupling of the divergence flux of light emitted from the light 
source 1 which is semiconductor laser is carried out to future optical system with the coupling lens 2. The 
coupling lens 2 weakens the divergence of the flux of light from the light source 1, and makes it "the flux of 
light of weak divergence or weak focusing nature", or the "parallel flux of light." 
[0015] By passing "the aperture which is not illustrated", the periphery of the flux of light is intercepted, 
"beam plastic surgery" is carried out to a suitable flux of light cross-section configuration, and subsequently 
to the direction (direction which intersects perpendicularly with a drawing) corresponding to vertical 
scanning, the flux of light which penetrated the coupling lens 2 converges with the cylinder lens 3, and 
carries out image formation as "a line image long in the direction corresponding to horizontal scanning" near 
the deviation reflector 4a of the rotating polygon 4 as an "optical deflector." It can also substitute for the 
cylinder lens 3 by "concave cylinder ****", and an optical deflector can be replaced with a rotating polygon 
4, and can also use "the 2nd page mirror of rotation." 

[0016] By uniform rotation of a rotating polygon 4, the flux of light reflected by deviation reflector 4a of a 
rotating polygon 4 turns into the deviation flux of light deflected in constant angular velocity, and carries out 
incidence to "the scan image formation optical system of reflective image formation nature." In the gestalt of 
this operation, the scan image formation optical system of reflective image formation nature consists of two 
plane mirrors 5 and 6 and the image formation mirrors 7. Incidence of the deviation flux of light is first 
carried out to a plane mirror 5, and if reflected by the plane mirror 5, incidence of it will be carried out to the 
image formation mirror 7. And if incidence will be carried out to a plane mirror 6, and it will be reflected, if 
reflected by the image formation mirror 7, and it is again reflected by the image formation mirror 7 by return 
and the image formation mirror 7, it will condense as an optical spot in the scan layer 8-ed, and light 
scanning of the scan layer 8-ed will be carried out. In addition, the sensitization side of "the photo conductor 
of a photoconductivity" is usually arranged in the location of the scan layer 8-ed, and an optical spot carries 
out light scanning of the photo conductor ontically. 

[0017] Namely, the gestalt of operation shown in drawing 1 makes the image formation of the flux of light 
from a light source side carry out in the direction corresponding to horizontal scanning as a long line image. 
It is made to deviate by the optical deflector 4 which has deviation reflector 4a near the image formation 
location of a line image. The deviation flux of light according to the scan image formation optical system 5, 
6, and 7 of reflective image formation nature It is light-scanning equipment which is made to condense as an 
optical spot on the scan layer 8-ed, and performs light scanning of the scan layer 8-ed. "The scan image 
formation optical system of reflective image formation nature" It has one or more plane mirrors 5 and 6 
which have the reflector which counters the reflector of the image formation mirror 7 which has an image 
formation function in the direction corresponding to the Lord and vertical scanning, and the image formation 
mirror 7. "The multiple echo (reflection is repeated between plane mirrors 5 and 6 and the image formation 



mirror 7)" of the deviation flux of light is carried out between plane mirrors 5 and 6 and the image formation 
mirror 7. 

[0018] Drawing 2 shows the condition of having seen the "part after a rotating polygon 4" in the gestalt of 
operation of drawing 1 from the direction corresponding to horizontal scanning, in explanatory view. Sign 8a 
shows the "photo conductor" which the sensitization side was made to agree in the scan layer 8-ed, and was 
arranged. The deviation of the flux of light by the rotating polygon 4 is ideally performed "in the flat surface 
which intersects perpendicularly with revolving-shaft 4b of a rotating polygon 4." plane mirrors 5 and 6 are 
plane mirrors with "the reflector of a rectangle configuration long in the direction (direction which goes to a 
drawing direct) corresponding to horizontal scanning", and the physical relationship of the image formation 
mirror 7 and plane mirrors 5 and 6 "can amend scanning-line deflection effectively by the multiple echo" — it 
is set up like. That is, although the image formation mirror 7 reflects the deviation flux of light twice, the 
physical relationship of plane mirrors 5 and 6 and the image formation mirror 7 is set up so that "the 
deflection inclination of the scanning line" produced by the first reflection may be made to offset according 
to "the deflection inclination of the scanning line" by the 2nd reflection. 

[0019] Since plane mirrors 5 and 6 do not have image formation power, the direction corresponding to the 
Lord and vertical scanning condenses the deviation flux of light as an optical spot on the scan layer 8-ed 
according to an image formation operation (two reflection is realized) of the image formation mirror 7. 
namely, the scan image formation optical system of reflective image formation nature — "— the line image 
and the scan layer 8-ed near the deviation reflector 4a ~ the direction corresponding to vertical scanning — 
being related ~ abbreviation ~ it has the function which is considering as related" [ **** ], therefore amends 
"the failure by the field of an optical deflector 4." 

[0020] The reflector configuration within the field where the reflector configuration in a vertical-scanning 
cross section (field parallel to the drawing of drawing 2 ) is a radii configuration, and intersects 
perpendicularly with the above-mentioned vertical-scanning cross section including the optical axis of an 
image formation mirror is a non-radii configuration, and the image formation mirror 7 has a reflector 
configuration which is nonlinear. This reflector configuration is explained with reference to drawing 1 1 . As 
shown in drawing, when "X, Y, and the Z-axis" are set up, the X-axis is a shaft corresponding to the optical 
axis of the reflector of an image formation mirror, and a Y-axis is a shaft parallel to the direction 
corresponding to horizontal scanning. The above "a vertical-scanning cross section" is a flat surface parallel 
to XZ side. Therefore, XY side is "a field which intersects perpendicularly with the above-mentioned 
vertical-scanning cross section including the optical axis of an image formation mirror." CurvilineanX 
within this XY side (Y) is a "non-radii configuration." "R" is the paraxial center of curvature in the above- 
mentioned non-radii configuration. If the radius of curvature of the reflector in "the vertical-scanning cross 
section considered in the location of Y=eta" is set to r (eta), the center of curvature when changing eta in the 
direction of Y, having used this center of curvature as the parameter will draw curvilinear:L (Y). That is, 
curvilinear:L (Y) is "a main connection line", and as shown in drawing, it is nonlinear. 
[0021] Drawing 4 shows another gestalt of implementation of invention according to claim 1 in explanatory 
view. In order to avoid ****, if the post of what is considered that there is no fear of confusion was taken, 
the same sign was used also in drawing 1 . The flux of light which carries out incidence to the deviation 
reflector of a rotating polygon 4 from a light source side the difference with the gestalt of operation of 
drawing 1 After carrying out incidence aslant to the flat surface which intersects perpendicularly with the 
revolving shaft of a rotating polygon 4, being aslant reflected to the above-mentioned flat surface, carrying 
out incidence to a plane mirror 5 and reflecting multiply between plane mirrors 5 and 6 and image formation 
mirror 7', it is carrying out light scanning of the photo conductor 8a peripheral surface corresponding to a 
scan layer-ed. 

[0022] With the gestalt of operation shown in drawing 4 , although plane mirrors 5 and 6 are another objects, 
like the gestalt of operation shown in drawing 6 , it replaces with plane mirrors 4 and 6, and 6' is formed and 
two reflector 5' and the part which are not reflector 5' and 6' can make the light transmission section on the 
transparence parallel plate 10 which is the same transparent body (claim 2). Optical arrangement of drawing 
6 can be used and the transparence parallel plate 10 can be used like the gestalt of operation shown in 
drawing 7 as "protection-against-dust glass" in the housing 1 1 of light-scanning equipment (claim 3). 
[0023] The gestalt of operation shown in drawing 8 shows one gestalt of operation of light-scanning 
equipment according to claim 4. "The scan image formation optical system of reflective image formation 



nature" consists of an image formation mirror 12 and a plane mirror 13. The deviation of the flux of light is 
ideally performed in the flat surface which intersects perpendicularly with the revolving shaft of a rotating 
polygon 4. Incidence is first carried out to the image formation mirror 12 (claim 4), a multiple echo is carried 
out between a plane mirror 13 and the image formation mirror 12, after the 2nd reflection by the image 
formation mirror 12, it is reflected by the plane mirror 1 3, and condenses as an optical spot on a scan layer- 
ed (in actual condition sensitization side of photo conductor 8a), and light scanning of the scan layer-ed is 
carried out. The layout which carries out incidence is also possible so that the flux of light from a light 
source side may cross aslant as deformation of the gestalt of this operation to the flat surface which intersects 
perpendicularly with the revolving shaft of a rotating polygon (operation of drawing 4 is the same as that of a 
gestalt), and a plane mirror 13 may consist of two plane mirrors. 

[0024] Drawing 10 shows one gestalt of operation of light-scanning equipment according to claim 5. First, 
incidence of the deviation flux of light deflected by the rotating polygon 4 which is an optical deflector is 
carried out to the image formation mirror 12, and it is reflected. The deviation flux of light which the 
reflected light bundle was reflected in the reflector 16 of 1 formed in some protection-against-dust glass 15 
of housing IT of light-scanning equipment, and was reflected by the image formation mirror 12 injects from 
housing 1 T through the area pellucida of protection-against-dust glass 15, and carries out light scanning of 
the peripheral surface of photo conductor 8A which is a scan layer-ed. 

[0025] Like the gestalt of this operation, if the deviation flux of light by the optical deflector is made to carry 
out incidence to the image formation mirror 12 first, it reduces the number of the plane mirrors which 
constitute the scan image formation optical system of reflective image formation nature, and can miniaturize 
scan image formation optical system. 
[0026] 

[Example] Hereafter, a concrete example is given. Also with each example, the flux of light from the light 
source 1 is made into the "parallel flux of light" with the coupling lens 2. "Specification of the reflector 
configuration of an image formation mirror" performs each example as follows. That is, about non-radii 
configuration^ (Y) based and explained to drawing 1 1 , it is general formula:X(Y) =Y2/[R+root{R2-(l+K) 
Y2}+sigmaAi-Y**i (the sum of the right-hand side takes the post of i= 1, 2 and 3, and ..). "Y**i" gives and 
specifies R (paraxial radius of curvature), K (cone constant), and Ai (high order multiplier) which can be set 
in meaning the i-th power of Y. Change of the direction corresponding to horizontal scanning of the radius of 
curvature in a vertical-scanning cross section: r (Y) gives and specifies multipliers (=r (0): radius of 
curvature in a vertical-scanning cross section including an optical axis), and b-f in general formula:r(Y) 
=a+b-Y2+c-Y4+d-Y6+e-Y8+f-Y10. Moreover, "the 10-i-th power" is expressed with "E-i" in the notation of 
data. 

[0027] Example 1 examples 1 are drawing 1 and an example over the gestalt of the operation based and 
explained to 2. Distance:dl-d3 and an include angle: Define thetal-theta3. [ in / as shown in drawing 2 / the 
optical arrangement after a rotating polygon 4 ] These values are as the following. In addition, the unit of an 
amount with the dimension of die length is "mm." 

dl=40, d2=23, d3=26.3, thetal=18.1 degree, theta2=18.1 degree, theta3=19.57 degree (an angle) By drawing 
2 , a clockwise rotation Configuration of the image formation mirror 7 made forward : R= 515, K=-5.9, 
A6=5E-14, A8=1E-18, A10=-4E-23a=177.5, b=-lE-3, c=4E-8, d=-2.3E-ll, e=5E-15, the "curvature of 
field" and "scanning-line deflection" about E-f=-3.06 19 example 1 And "ftheta property as a uniform 
property" is shown in drawing 3 . 

[0028] Example 2 example 2 is an example over the gestalt of operation shown in drawing 4 . Distance:dl- 
d3 and an angle which are defined like drawing 4 : The value of thetal-theta4 is as follows. 
[0029] dl=43.1, d2=24.7, d3=27.2, thetal=12.15 degree, theta2=12.15 degree, theta3=10.75 degree, 
theta4=8 degree (an angle) By drawing 4 , a clockwise rotation "scanning-line deflection" a "curvature of 
field" about E-l 1, e=5E-15, and E-f=-3.06 19 example 2 and d=-2.3 deflection it considers as forward — 
configuration:R=515 of image formation mirror 7', and K= -4.8 and A10=-4E-22 - a= 185.5, b=-lE-3, and 
c=4E-8 - And drawing 3 is imitated and "ftheta property as a uniform property" is shown in drawing 5 . 
[0030] The configuration with which they can constitute the reflector of plane mirrors 5 and 6 as the same 
side, and indicate it to be to drawing 6 or drawing 7 for this reason since examples 1 and 2 are 
angle :thetal=theta2 is possible. 

[0031] Example 3 example 3 is an example over the gestalt of operation shown in drawing 8 . Distance:!, 1 



[ in / as shown in drawing 8 / the optical arrangement after a rotating polygon 4 ], L2, and an include angle: 
These values are as follows when betal and beta2 are defined. 

Ll=50, L2=19.8, betal=14.78 degree, beta2=24 .76 degree (an angle) By drawing 8 , a clockwise rotation 
Configuration of the image formation mirror 12 made forward : R=-380, K=-3.7, A4=3E-10, A6=3E-14, 
A8=lE-17a=-131.8, b=2.6E-3, c=-lE-7, d=-6.1E-ll, e=5E-15, the "curvature of field" and "scanning-line 
deflection" about E-f=-l 19 example 3 And drawing 3 is imitated and "ftheta property as a uniform property" 
is shown in drawing 9 . The layout of this example 3 may be changed, and you may constitute like drawing 
10 , or a plane mirror may consist of two sheets. 

[0032] In addition, in drawing 3 , and 5 and 9, "omega" expresses a half-field angle. As shown in drawing 3 , 
and 5 and 9, examples 1-3 have attained less than [ of the Lord and the direction of vertical scanning / 
curvature-of-field:3mm ], less than [ scanning-line deflection:0.03mm ], and less than [ uniform velocity 
nature: 1% ], are the examples of light-scanning equipment according to claim 6, and can realize very good 
light scanning. 
[0033] 

[Effect of the Invention] As explained above, according to this invention, new light-scanning equipment is 
realizable. Like the above, the scan image formation optical system which makes the deviation flux of light 
condense as an optical spot on a scan layer-ed is "reflective image formation nature", and this light- scanning 
equipment has the function which has the function which amends scanning-line deflection by the multiple 
echo, and amends the failure by the field of an optical deflector. The reflector [ reflector / of the image 
formation mirror which constitutes the scan image formation optical system of reflective image formation 
nature ] configuration in a vertical-scanning cross section and in a radii configuration Since it has a 
configuration which is nonlinear It is possible to amend the curvature of field, the scanning-line deflection, 
and the uniform property of the Lord and the direction of vertical scanning good by optimization of the 
above-mentioned non-radii configuration or a main connection line. 



[Translation done.] 
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. «|6]3t*W#fiRlt<±. #£«>-oo¥Ett 
Ai^Sy-twffi-CKfcfaK (?ig£it5J:pl£LT 
fcii^U ¥BttA. BHSffeS^-iOft-CSltaK 

[0 0 11 1 7— <0SMSli rii]j^E»rffirtl^ 

fact*. ®\%£tt<mm&-$i&m&&y<»ffiE 

[0 0 12] iSS&S 7-troKT<Sl6)3t^S:^aS#t$ 
-t±51J!iU:<Wffitttt rpi-^igflqciJ&Ltro^tffi 
<&tt&U R^S-C*w3?^S3itigigSBSr<frj ,fc5K 
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tt. &*ni:UFSttKA#tLTa»ib, ^<o¥-m@L\c&$i£ 
tiTfflfr s. 7-l;A«t5 J: 5 LT fc <t v ^s, JtffiiS] 

«i"-5j *3fcUTt>*^ (fll#K4) . ^©.tpfcffi 
[0 0 13] SS#«4f3ffiro589!<D^ ^tfe57-t 

htom-rzzoiztm-QZz <»**5) . ileitis 

i~5(Offie<DUc|E«ro)te^6g^iavNT, 3te*tf 
y hro^ft»Cfett5± • Sl*SE*l6j<0«SfJ?ft : 3mm 
STT\ ^SUft^t) : 0. 0 3mm^T> 1% 

[0014] 

mm<omm<mi® ® 1 wjr#s 1 %em<D%3m£m 

cDHliS©UKfi8=SrlftKI2)6*ilc*U-CV>5. 

*vh* rim**! fc-ra. 

30 [001 5] ^7 s'T'y >?V^X2 SrSii Ufc3K*tt 

fia^j *v^>y>^u->'X3Cj:»)i!i*3iajjt: 

i Lr OEM6MI4 <o(Bl6]SJ»t® 4 a roift^ir, 

40 [0 0 1 6] \3m£&am4<om5lBMfc4 atCiUSM 
Sh^3t«l4, S^raSL4CD^ilHl«c{CJ:fJ, 
*»KKHlfirt-5«fl«E«i:49 rsM|^4(D^*& 

mSW^B^ft3t^«4. 2tt©W5, 6tJK«? 
7-7 1 Vm&£ ixTV ^ffi]*^l45tT¥Di^ 5 iZ 
AttU JBBK5Ki9RHSJi5fc«»59— 7JCA 

50 s»hiUT**U t!fefe3ES8S:>baft-5 0 <as % & 



C4) 

S 

-fa. 

[ooi7] bp*>. \zn\zjrt3m<mm*. mm* 

^5. 6. ^2ES8±IC3t^5Ks' hit 

- 7 (nmtimizttfSrtzzmmzG-rz i tLk©¥®& 

5. 6«:^U ffi|S]3£*4r¥fflS5. 6&fc&te£5-7 
irofflt r#ssi* (¥®&5, 6btm$.7-7 t<n 

[0018102 1 J, Ml <nm&(rMmz3srtZ HeJfc 

SrS^H^lC^LTV^,, 4?H§-8aJi, tfc££ffi8lOg 
3teH££-&£itTTE{B£;h,fc r^tftrj £tjH-„ [eBE# 
®&4fcJ:*7fcjfctf>fSfirtu JEiWfcHt r[5i|a#®S4 20 

5. 6ii r^ae«£;*iR) <HEfc«m-4:tn«> i-s 

i^§657-7l4ffll6]^?r2SS^H-5*5, m^OSM 

2><DXht>„ 30 
[0019] ¥®& 5 , 6 i*3m./<7-&&1ZS& VO 
t\ fiftttftl*£ • »J7&S*fJS2ffp) t htm 5 
ifeftflffi (2«(DKW{c«t*)^^5) tcif), tt* 
£®8±U13fc*tf* htLTSyte-fS. fiP^., 

roifiK!t®4affi£<Oi&ffett£ 
i^EE8t*SJi^E»J«*r6]|c:BSIUTB&*^/ < fi8»J t 

[0020] «SfcS7-7tt. ffij&Bffffirt (02CD0 

m&fttz. ~v>&jnmm&®i i&&m\^xmi 
•ts. aw$D< rx. y. z$4i *H3rr*t, x$a 

tt«^*sm*ifij»iWT<e«i-cifo5. me. wz&r 

ffij fiXZStiWji^S-Cfcio ftoT, XYffili 

®J wOXY®F*?K*5tt*. All : XCY)I1 SO 
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SifiSaft^f^-Cfcio TY= n <Dto&lZ.%Z.1zm)s& 
tgfffij (*3lw*3W5SW®Wft^#@«- r ( u > t-TS t . 

fci£<Dfi*4'<£>l*l&SSi: L(Y)&»<. Ep*,, ■ 
L(Y)l4T+4lT«feSU-eifcoT. EK*-f-«fc?K#Bl& 

[00211 041*. ffjfcS 1 IEife«)«M<D|lteOSiM 

u ¥ffl»5, 6t^55-7* t<om&wm\* 

[0 0 2 2] El4 (^-mte(D^ggT?|i, 5|Z^5, 6 

®4, 6i^ftx.T, m-<Dmmtin?&>zmm¥?r¥& 1 

0fC2ooSS«55' . 6* Sr^J«U SttSS' , 

6 * ^8^3tj@ia«fBSr<Ci- J: ? (r-T<5 r h 

6 d§3}^2) . E6©3t^iBa*ftJffiU 07{^rf 

<o^w^tr\ iici*3»ti mm#7*i kLx&m-r 

1 0 0 2 3 ] m 8 fc^tnii<^figi4, 38*94 gQiso 
*^£S<o*i6«oi^fii^Lr^4. rs«5^H4 
^ffl^ye^j ii. gsss5-i 2tsp®^i 3t 

Tfflfit$ir5o 3t^<o<Bf6]l4, a'B^(-l*[H]te#®^4 
©H«E$iilJ:fi3Si-5SF®rt-Ctf^iu ^Ta^JO^feS 
7-1 (m*«4) , 5p®^l3t^tfe5y 

-1 2k<omv&m&tt£tl. 2 ICJ:5 2 

&3<omm, ¥®^1 3lcK#t£*xtofe£® (llftlW 
l-(4JS3fe*8 aOiS3t®) ±IC^7jf S ' ^ t UT^Jt 
U S^E®iSr)fe^irt-«. i<0SiS<0^egcD35^t L 
T, 3!^ffllJd>?>OJt^j65. (H4<0ISi(^ffii^« 

®SL1 3tt¥®a2tS:t?fi!figLrt>Av\ 
[00241 01 0ttft*gS 5IE®<03t^iSao^ 
<0 1 J^ffiS:^ LTV ^-6. 3t(glS]S-CfcS E^#ffi^4 

<r\\" <omm#7x 1 5 <o-^,\z.m&l ztift 1 <7?sw- 

®1 ev&MtZtu i«5 7-l 2TSM$fifc(i(e])t 

1' fabtotoLx&u&mxhz®ytft8 A<DRmzft 

[0 0 2 5] rroHte^fiSwi^lc, Jt<Bf6jg{i«t5 



# 

C5) 

7 

[0026] 

MBff£tfcco*«£j JiWT<0<t9l^9. BP*» 12 UK 
EPLTaa^Lfc^P35lia^K : X(Y)fcoVva*» H& 
5S : 10 
XCY)=Y J / [R+V {R'-Cl+K)^} +ZAi • 
Y* * i 

(£5arofaiii =1, 2. 3. . . .iagfe#£$„ ry* 

* ij liYroi^*«*-r*) K^3l*3R<iaftft*¥ 
fb. KcR«BS6fc>*iJ:tfA, (m;somci^A.XW& 

omt : r CY>li. = 

r(Y)=a + b •Y' + c-Y' + d-Y' + e-Y'+f 
. y 10 

(l^V »T, : a C= r C 0 ) : tKM^^tt&li^m 20 

b~f Sr-^xT4#^1-S„ x- 
*a*aei£fcVT riOW-i^J Sr TE-iJ 

■r. 

[oo2 7] mmmi 

zmm i ii. bi. 2 i^p L-aas! L^ieffifDMMiiM 

-T5Hffieilt?fc5. H2l29%-rJ:3lc. [^ii4» 
*j. g^rojj^TcSr^oajomffiai r mmJ -cfe5 0 

d!=40, d,=23, d, = 26. 3, 0, = 18. 1 30 
g, 6, = 18. lg, 9, = 19. 57&(fkiX 122 

R = 515. K=-5. 9, A« = 5E-14, A, = 1 
E-18, A 10 =-4E-23 

a = 1 7 7. 5, b=-l E-3, c = 4E-8, d = 
-2. 3E-11, e = 5E-l 5, f=-3. 06E 
-19 

V r«f5£Wttfc LTCDf B¥m SrEI3l^1-. 40 
[0 0 2 8] Hffi«»J2 

5» 04»$D<(^«)P,ti,2,8@i: d^&ttSXxm ■ 

[0029] d» = 43. 1. d,=24. 7. d, = 2 
7. 2. 0^1 2. 15&. «, = 12. 1 5g. 0, 
= 10. 7 5g, 0.=8£tflli* 04T-^tHHl«JS:]E 

R=515, K=-4. 8, A,.=-4E-2 2 50 




tmW-l 1-149054 
8 

a = 1 8 5. 5, b = - 1 E - 3 , c = 4E-8. d = 
-2. 3E-lli e = 5E-l 5. f=-3. 06E 
-1 9 

[0030] 3Sife0»Jl. 2irfc, ^ : e l =9 1 T*>5© 

-efo-5. 

[00 3 1] ^6S0tJ3 

So El8(c*rrj;5K, Ete^ffig£4m<0*^ffiB^ 

U-50, L, = 19. 8, 0i = 14. 78S. 0, = 
2 4. 7 6S(^I«. 12 8 fl$tH3 
*tffc$7*-l 2cofi£R: 

R=-380, K=-3. 7, A.=3E-10, A, = 
3E-14. A 1 = 1E-1 7 
a =- 13 1. 8, b = 2. 6E-3, c =— 1 E— 
7, d=-6. 1E-11, e = 5E-15, f =- 1 
E-l 9 

m&m3izmi-?> mmmm t t7&m&tf<9j tax 
if ^^m<m.t\^x<oi om& §\ B3(3tto-rH9 

i5^«^UT'bav>U fc5v>f4¥E^S:2tft-e«|Re 

[003 2] /«Cjb\ 123. 5, 9K33HT r^j * 
Bi^l^-r. 123. 5, 9\zJjk^irftXoiz> J©£tajl 
~3«. ± • BiJ*S*[S]tO^®5ffi : 3mm^T, ifeS 
: 0. 0 3mmKT, ^Sf*: 1%WTS^£ 

[003 3] 

&M^te»7^f^3fc¥^ ?r«fi!<rr 5 7 -COS 

x. ffi&i 7—<Dym&^±^i%&m&\z.m&-tz 
mftic&vzmmmAmn'mmxibio. issnm 

[!2®co|S5WiUiW] 



CO 



[02] ®\<o-m0fm\zavz. ytfgfa&imvvt 
m 3 ] mm i 1 cjM-s«a»ft • T&s&ftas u • « 

[04] C<^9i<D|lte<aSiM!g»aitt5, %M*mk 
?*<D)fe^iaBSrSiW5fc«)O0-t?fe5 i 

[05] 3ffiOT2i:JCT£&iSi$iil! • j^ESU&^Q •« 
i£4#tt( f 0 «^W0T?fc*. 10 

[0 6 ] a** 2i5«<^to^aseo^is© i 
[07] mmi3^<r&t&&m<Dm.<DiMi&&® 

[08] 4 Wfi&ftW co^ffio l WM*Wm/£ 
o^M-0-cfcS. * 
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[09] mmm3icmtz>£mm#i • %&&##<9 • $ 

[010] IS3^5ga»cO)t^3^gO||S£c01^SgSr 
[011] ^tfe55-W5it®g^«:i!lWifc»<O0 
l*H§-tf>3i§li] 

1 %m 

2 ^^U^U^X 

3 v-y 

4 £flttMI 

4 a -IBlolgltS 

5. 6 

7 

8 &*SS5 






[09] 

[1210] 

a) -45' tU«43* tt>-45" 




(S) 
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[laiu 

L(Y) 



